Early diagnosis of and adequate therapy for premalignant lesions in patients with inflammatory bowel disease (IBD) and Barrett's esophagus (BE) has been shown to decrease mortality. Endoscopic examination with histologic evaluation of random and targeted biopsies remains the gold standard for early detection and adequate treatment of neoplasia in both these diseases. Although eventual patient management (including surveillance and treatment) depends upon a precise histologic assessment of the initial biopsy, accurately diagnosing and grading IBD-and BE-associated dysplasia is still considered challenging by many general as well as subspecialized pathologists. Additionally, there are continuing updates in the literature regarding the diagnosis, surveillance, and treatment of these disease entities. This comprehensive review discusses the cancer risk, detailed histopathological features, diagnostic challenges, and updates as well as the latest surveillance and treatment recommendations in IBD-and BE-associated dysplasia.
Introduction
Early diagnosis and adequate therapy of premalignant lesions in patients of inflammatory bowel disease (IBD) and Barrett's esophagus (BE) have been shown to decrease mortality due to cancerous complications in these two diseases [1, 2] . Endoscopic examination with histologic evaluation of random and targeted biopsies remains the gold standard for early detection and adequate treatment of neoplasia in both these diseases. Endoscopic therapy, such as radiofrequency ablation and/or endoscopic mucosal resection (EMR)/endoscopic submucosal dissection (ESD), are successfully used in treating dysplasia, intramucosal adenocarcinoma (IMC), and a selected set of submucosal adenocarcinoma (SMC) arising in the setting of BE [2] . In contract, endoscopic intervention of IBD-associated neoplasia recently started for polypoid or For commercial re-use, please contact journals.permissions@oup.com endoscopically resectable lesions, while IBD-associated flat dysplasia is still primarily treated by colectomy [1] .
Surveillance BE and/or IBD biopsies are considered as "bread and butter type" specimens and constitutes a decent chunk of the surgical pathology caseload in both general and subspecialized gastrointestinal (GI) surgical pathology practices. However, accurately diagnosing and grading IBD-and BE-associated dysplasia is still considered challenging by many general as well as subspecialized GI pathologists. In 2015, a consensus guideline, SCENIC (Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in IBD patients), was published and emphasized the importance of the collaboration of pathologist and endoscopist for the optimal management of IBD patients with neoplasia [1] . Similarly, the new updated 2016 American College of Gastroenterology (ACG) guidelines pertain to the initial diagnosis and subsequent surveillance and treatment recommendations in BE patients [2] . According to the ACG 2016 guidelines, BE is diagnosed when there is extension of salmon-colored mucosa for at least 1 cm proximal to the esophagogastric junction, and this needs to be histologically confirmed by demonstrating intestinal metaplasia (goblet cells) on the biopsy [2] . Overall, these guidelines also call for an increasing use of endoscopic therapy (polypectomy, RFA, EMR, and/or ESD) for IBD-and BE-associated neoplasia that is based on accurate initial histologic diagnosis. Subsequent invasive surgery (if needed), either colectomy or esophagectomy, is then based upon accurate histologic diagnosis on the polypectomy and/or EMR/ESD specimens. Of course, in cases without endoscopically apparent lesions, accurately diagnosing and grading neoplasia in the random biopsies play an essential role in determining the subsequent therapy. To this end, this review discusses the cancer risk, detailed histopathological features, diagnostic challenges, and updates as well as the newest surveillance and treatment recommendations in IBD-and BE-associated dysplasia.
Carcinogenesis and cancer risk for IBD-and BE-associated neoplasia
Carcinogenesis in BE and IBD is believed to occur through genetic aberrations leading to morphological changes manifested as lowgrade dysplasia (LGD), high-grade dysplasia (HGD), and then to invasive cancer. Current management has focused on the detection of precancerous changes (dysplasia) in the colorectal epithelium and BE as a marker for increased cancer risk and, thus, as a potential indicator for intervention, either endoscopically or surgically, in IBD and BE patients who are enrolled in the surveillance program. White-light endoscopy of high resolution and/or chromoendoscopy are the recommended surveillance modalities and the biopsy can be random, targeted, or a combination of both [3] . The surveillance biopsy protocols are listed in Table 1 .
Cancer risk in IBD
Two major types of IBD-ulcerative colitis (UC) and Crohn's disease (CD)-are recognized, and the extent and duration of colitis and the severity of inflammation in the colon over the clinical course are risk factors for neoplastic complications in both UC and CD [4] [5] [6] [7] . In addition, the family history of colorectal cancer, young age at diagnosis, and the presence of primary sclerosing cholangitis (PSC) increase the risk of IBD-associated neoplasia [7, 8] . Anti-inflammatory treatment in IBD is associated with a reduced risk for neoplasia [9] . The increased risk of developing carcinoma in the setting of IBD is the single most important reason for surveillance in IBD patients. Dysplasia is considered to be the earliest precursor to cancer. While Crohn and Rosenberg recognized the development of cancer arising in UC as early as 1925, it was not until 1967 that Morson and Pang [10] demonstrated that IBD-associated dysplasia can arise in flat mucosa, can be multifocal, and can be diagnosed on biopsy.
Although earlier literature showed disparity in colorectalcancer risk between UC and CD, it is now widely accepted that the risk is roughly equal in UC and CD colitis. The absolute cumulative risk is 8% for UC and 7% for CD after 20 years of disease [3] . The cumulative probability of developing cancer in UC is 2% at 10 years, 8% at 20 years, and 18% at 30 years [8, 11] . For IBD, the annual incidence of colorectal cancer is about 0.8% for LGD according to a recent meta-analysis [12] . The progression rate of LGD to cancer also relates to the expertise of the pathologist, with an expert GI pathologist rendering LGD associated with higher risk of progression [12] .
Cancer risk in BE
The length of BE, male gender, family history of esophageal cancer, and severity of chronic inflammation over the clinical course are associated with higher risk of BE-associated neoplasia. The presence of dysplasia is the best and most reliable marker of an increased risk of malignancy in BE. There are estimated to be about 17,990 new cases and 15,210 deaths attributable to esophageal cancer in 2013 in the USA [13] . BE is the only known precursor lesion for esophageal adenocarcinoma (EAC)the most common histological type of esophageal cancer. The incidence of EAC has been reported to be 1.2-5.0 per 1,000 person-years in patients with non-dysplastic BE, 4.4-14.6 per 1,000 person-years in patients with LGD, and 6.6-19.0 per 1,000 person-years in HGD [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The incidence of HGD or EAC in patients with LGD is 17.3 per 1,000 person-years [15] .
Interpretation and grading of IBD-and BE-associated neoplasia
In the landmark paper by Riddell et al. [3] , a standardized classification of IBD-associated dysplasia was proposed for the evaluation of biopsy specimens from IBD patients, and this histologic grading system was later adopted for BE-surveillance biopsies [30, 31] . The diagnostic categories include: negative for dysplasia, indefinite for dysplasia, LGD, and HGD. In addition, neoplastic lesions more severe than HGD, such as IMC and SMC, may also be encountered by pathologists on mucosal biopsies. Of note, any dysplasia in IBD and BE should be reviewed by two pathologists, at least one with specialized expertise in GI pathology [2, 3] .
Practical approach to IBD-and BE-surveillance biopsies
Typically, the histologic assessment to evaluate IBD-and BE-associated neoplasia starts at low power for the assessment of architectural features, and then cytologic features (such as nuclear enlargement, hyperchromasia, stratification and pleomorphism, loss of polarity, and abnormal mitoses) are assessed at higher power.
Negative for dysplasia
Negative for dysplasia means the epithelial changes are either normal or within the reactive spectrum proportional to the degree of inflammation.
In an IBD colonic-surveillance biopsy, negative for dysplasia encompasses the following scenarios: (i) normal colonic mucosa ( Figure 1A ), (ii) chronic quiescent colitis ( Figure 1B ) or chronic inactive colitis ( Figure 1C ) after treatment and (iii) chronic active colitis with epithelial changes within the reactive/regenerative spectrum ( Figure 1D ). In the latter, the epithelium may show nuclear enlargement and hyperchromasia, but these changes are in proportion to the inflammation and there is surface nuclear maturation.
In a BE-surveillance biopsy, negative for dysplasia encompasses the following scenarios: (i) the surface epithelium shows maturation, the nuclei are bland and uniform with smooth contour, the cells have low nuclear/cytoplasmic ratio, and there is no architectural complexity or cytologic atypia ( Figure 2A ) and (ii) the basal glands may show mild regenerative atypia referred to as the "baseline atypia" of Barrett's mucosa, but there is surface maturation ( Figure 2B ).
The most common diagnostic challenge is to make an interpretation of negative for dysplasia in cases with prominent reactive atypia in the presence of active inflammation. One recent study indicated that BE-surveillance biopsies with maintained cell polarity and surface gastric-type mucin vacuoles can be safely diagnosed as negative for dysplasia even with mild to moderate nuclear enlargement. Visual appreciation of "four lines," with line 1 being the gastric-type mucin vacuole, line 2 being the base of the mucin vacuole, line 3 being the cytoplasm, and line 4 being the nuclei ( Figure 2C ), is a really helpful histologic feature seen in "negative for dysplasia" biopsies. In contrast, LGD typically does not maintain its four lines, with loss of apical mucin vacuole and the cytoplasm line due to nuclear stratification [32] . Also, surface-only nuclear stratification, upper mucosa-limited atypia ("top-heavy" atypia), and villiform architecture support reactive changes [33] .
Most IBD-(90% at the colonoscopy level) and BE-surveillance biopsies (90.4% at the endoscopy level) are negative for dysplasia [32, 34] . These patients can be followed with recommended surveillance intervals of 1-3 years for IBD and 3-5 years for BE. Two consecutive negative colonoscopies in IBD-surveillance biopsies indicate a very low risk for colorectal cancer [35] and a potentially longer surveillance interval in this selected population may be safe.
LGD
LGD is characterized by some glandular crowding, with mildly decreased lamina propria along with nuclear hyperchromasia, nuclear enlargement, and an increased nuclear-to-cytoplasmic ratio. In many but not all cases, there is also nuclear stratification, in which nuclei become elongated and pencillate in morphology, resembling colonic adenoma ( Figure 3A -D). However, the nuclei maintain their polarity with respect to the basement membrane and typically do not occupy the superficial aspect of the epithelium. The diagnostic frequency of LGD in IBD patients at the colonoscopy level is 11.1%. Overall, the rate of flat LGD in IBD at the colonoscopy level is 2.3% and at the biopsy level is 0.09% [36] . Similarly, LGD in BE has a diagnostic frequency of 2.5% at the endoscopy level [32] .
The key features for diagnosing LGD that have moderate to good inter-observer agreement are (i) abrupt transition with a distinct area of glands that demonstrate a lack of surface maturation, (ii) mucin depletion, (iii) nuclear enlargement and hyperchromasia, and (iv) an increase in mitosis [36] . In addition, some variants of IBD-associated dysplasia and subtypes of BEassociated dysplasia will be discussed later in this paper.
HGD
HGD is characterized by greater architectural complexity (glandular crowding and cribriforming or significant papillary architecture) and cytological atypia (loss of nuclear polarity, greater nuclear pleomorphism, and enlargement) compared to LGD, in both IBD-and BE-surveillance biopsies (Figures 4 and 5 ).
Unlike the thin, pencillate nuclei of LGD, the nuclei in HGD tend to be somewhat rounder, oval-shaped, or irregular, with more profound atypia. There are often increased atypical mitotic figures in HGD. A diagnosis of HGD can be made based on the presence of either marked cytological or marked architectural complexity. Overall, HGD in IBD is relatively uncommon, with a 0.4% frequency at the colonoscopy level [32] . Similarly, HGD in BE has a diagnostic frequency of 1.3% at the endoscopy level [32] .
Histologic features of negative for dysplasia, LGD, and HGD in IBD-and BE-surveillance biopsies are summarized in Table 2 .
Indefinite for dysplasia
Indefinite for dysplasia is applied to epithelium with cytomorphological features worrisome for dysplasia in the presence of significant inflammation, erosions, and/or adjacent ulceration, so that it is difficult to discern whether this is true dysplasia or exuberant reactive/regenerative changes. Reactive changes associated with marked inflammation can closely resemble dysplasia, including loss of mucin, nuclear enlargement and hyperchromasia, nuclear overlapping, and architectural complexity. Riddell proposed further stratification of this diagnosis into "indefinite for dysplasia, probably positive" and "indefinite for dysplasia, probably negative," which would theoretically call for surveillance within 3-6 months for BE and within 6-9 months for IBD [3] ; however, this practice of subtyping varies within different institutions. Overall, indefinite for dysplasia in IBD is not common, with a frequency of 1.6% at the colonoscopy level [34] , and is more frequently diagnosed in a BE-surveillance biopsy with a rate of 4.3%-8.6% at the endoscopy level [32] .
The key features of diagnosing indefinite for dysplasia are glands with cytomorphological features of dysplasia in the presence of active inflammation; a few highly atypical glands in active inflammation; a few highly atypical glands without surface epithelium, due to either tangential section, mechanical sloughing, or erosion; a few dark glands with crushing artifact; or detached atypical epithelium ( Figures 6 and 7) .
A diagnosis of indefinite for dysplasia in IBD-and BEsurveillance biopsies carries an intermediate risk for progression to cancer and serves to increase the surveillance frequency [37] [38] [39] . Choi et al. [40] reported that 13% of cases of indefinite for dysplasia in IBD biopsies were found to have LGD and 2% had HGD or carcinoma at a follow-up of 28 months.
Doing recut levels, applying the "four-line" rule in BE biopsies, and using ancillary p53 stain in occasional cases (discussed below) can help with an accurate diagnosis or favor one over the other. HGD with marked architectural distortion cannot rule out carcinoma or features suspicious for carcinoma Not uncommonly, we encounter the scenario in which there are features of HGD and only focal or equivocal features suspicious for invasion. In these cases, we may use the terminology "highgrade dysplasia with marked architectural distortion cannot rule out carcinoma (HGD MAD)" [41] or "HGD with features suspicious for carcinoma (HGD/S)" [42] , especially if the lesion is clinically, endoscopically, and radiographically worrisome for an invasive component. These terms are more often used for a BE-surveillance biopsy.
The reported key features for diagnosing HGD/MAD or HGD-S overlap and include a cribriform growth pattern, at least three dilated glands with intraluminal necrotic debris, glandular crowding ("back-to-back" gland pattern), ulcers and a large number of neutrophils within HGD, and the incorporation of HGD into a benign squamous epithelium [41] [42] [43] (Figure 8 ).
Intramucosal adenocarcinoma
This diagnosis is usually made in the setting of BE-associated neoplasia. The criteria include more than one focus of a single cell infiltrating the lamina propria, sheets of cells obliterating the lamina propria, a never-ending/anastomosing gland pattern, and abortive or angulated glands infiltrating the lamina propria ( Figure 9 ).
Submucosal adenocarcinoma
A diagnosis of SMC on a mucosal biopsy requires neoplastic glands surrounded by unequivocal stromal desmoplasia.
Histologic variants and special issues in IBD-and BE-associated neoplasia
Histologic variants of IBD-associated dysplasia While many IBD-associated dysplastic lesions histologically resemble sporadic adenomas, with pseudostratified and pencillate nuclei extending to the surface epithelium, IBD patients often have dysplastic lesions that are uniquely dissimilar to sporadic adenomas [3, 37, 44] . Subtyping IBD-associated dysplasia has been recently attempted by a group of GI pathologists and included seven categories: conventional adenoma-like dysplasia, terminal epithelial differentiation, sessile serrated polyp/adenoma (SSP/A)-like dysplasia ( Figure 10A ), traditional serrated adenoma (TSA)-like dysplasia ( Figure 10B ), hypermucinous dysplasia, goblet cell-depleted dysplasia, and serrated dysplasia not otherwise specified [45] . Diagnostic agreement for these categories ranged from <50% for TSA-like to 92% for goblet cell-depleted dysplasia. Terminal epithelial differentiation dysplasia and goblet cell-depleted dysplasia are rare and are characterized by flat configuration, non-crowded crypt pattern, and cytoplasmic features that either simulate the repertoire of normal colonic epithelial cells (terminal epithelial differentiation) ( Figure 10C ) or are devoid of goblet cells (gobletcell-depleted dysplasia) ( Figure 10D ). The key to the diagnosis of terminal epithelial differentiation and goblet-cell-depleted dysplasia is nuclear enlargement and hyperchromasia without surface maturation. Some of these categories may include lesions previously diagnosed as indefinite for dysplasia. There are sparse data on SSP/A in IBD; in one recent study of 13 IBD patients with index SSP/A followed over a median of 6 years, 61.5% developed metachronous visible dysplasia or additional SSP/A, suggesting that SSP/A should be treated as a variant of dysplasia that needs complete endoscopic removal and continuous surveillance [46] . This novel classification has laid the groundwork for future studies on the biology and natural history of these lesions. For example, attempts of subtyping IBDassociated colorectal carcinoma (CRC) showed that about 53% are conventional, 22% mucinous, 15% low-grade tubuloglandular, 8% serrated, and 2% special subtypes. Interestingly and not surprisingly, this study revealed that conventional-type CRC was associated with conventional adenoma-like dysplasia; mucinous adenocarcinoma with conventional villous adenoma-like dysplasia; low-grade tubuloglandular adenocarcinoma with goblet cell-depleted dysplasia [47] . These associations suggest that the genetic basis underlying the variation in dysplasia morphology persists in the form of distinct carcinoma subtypes. Despite these research efforts, there is no clinical utility to further subtype IBD-associated dysplasia or IBD-associated CRC. But, an awareness of the existence of these variants may help one either diagnose or make a decision to send such rare and unusual cases out for an expert consultation for optimal patient management.
Special issues with IBD-associated dysplasia
The term "dysplasia-associated lesion or mass" (DALM), in theory, denotes a lesion that arises in association with inflammation, has greater architectural complexity, has a greater villous component, and is more likely to have skip areas of dysplasia within the lesion as well as dysplasia in the surrounding mucosa [48] . As terminology has evolved, "adenoma-like" and "non-adenoma-like" have been coined and are applied, respectively, to lesions that appear polypoid or non-polypoid endoscopically. These terms have recently fallen out of favor, as they have not been shown to be practically worthwhile for guiding management of IBD-associated dysplasia [37, 48, 49] . Thus, in current pathology practice, these terms are not used any more.
Endoscopic/surgical management and surveillance of IBD dysplasia Detection of dysplasia traditionally has relied on both the examination of the mucosa with targeted biopsies of visible lesions and extensive random biopsies to identify invisible dysplasia. Current US guidelines recommend obtaining at least 32 random biopsy specimens from all segments of the colon as the foundation of endoscopic surveillance (Table 1) [9, 50] . However, with advances in colonoscopic technology (i.e. high-resolution white-light colonoscopy, chromoendoscopy, and narrow-band imaging), the current management guidelines for patients with IBD endorse a combination of endoscopic assessment of lesion resectability and the histologic grading of dysplasia. The IBD colon-surveillance-biopsy protocol still varies greatly within different institutions. Common practice includes targeted biopsies and random biopsies with high-definition white-light colonoscopy or chromoendoscopy [51] . In the consensus statement, the term "endoscopically resectable" indicates that the lesion has distinct margins, appears to be completely removed on visual inspection after endoscopic resection, histology confirms the complete removal of the lesion, and there is no dysplasia in the mucosa adjacent to the lesion [1] . Thus, detection of an endoscopically visible lesion and determination of endoscopic resectability of such a lesion by the endoscopist becomes critical for the adequate management of IBD with dysplasia. The role of endoscopist in this process includes (i) generating a detailed endoscopic report and (ii) submitting endoscopically resected lesion(s), biopsy from mucosa adjacent to the lesion, and random biopsies in separate jars with accurate labeling. The role of pathologists in this process includes (i) confirming the presence of dysplasia in the endoscopically resected lesion and the margin status, (ii) assessing for dysplasia in the biopsy adjacent to the lesion, and (iii) assessing for dysplasia in the random biopsies: the so-called "flat dysplasia."
If a dysplastic lesion, either LGD or HGD, is removed completely endoscopically and confirmed histologically, the patient can continue surveillance without colectomy, provided that there is no dysplasia in the biopsy at the base of the lesion and there is no dysplasia in the random biopsies. In cases with HGD on random (i.e. endoscopically invisible) biopsy, colectomy is usually recommended. In cases with focal LGD on random biopsy, the patient may undergo intensified surveillance with a shortened interval of 3-6 months or be referred to an IBD center for a repeat colonoscopy with high resolution and/or chromoendoscopy. In patients with multifocal LGD on random biopsy or persistent LGD, colectomy is recommended. Terminology for reporting the findings on IBD-surveillance colonic biopsy of IBD patients and subsequent management are summarized in Table 3 .
Histologic variants of BE-associated dysplasia Crypt dysplasia.
Loss of surface maturation is a key feature to support the diagnosis of dysplasia in most BE-surveillance biopsies. However, certain practical dilemmas do exist. "Deep crypt dysplasia or basal crypt dysplasia" is a situation that low-grade or even HGD is present but limited to the deep crypts, while the surface maturation is maintained [52, 53] . Studies have shown that, in deep crypt dysplasia, conventional dysplasia actually is present in about 47% of cases, and the former may share similar molecular signature, such as aneuploidy and mutated p53 expression pattern, similar to conventional dysplasia [52] . Therefore, it is important to recognize this variant of dysplasia. When in doubt, deeper sections should be performed and it may be reasonable to at least label the case with "indefinite for dysplasia" so that close follow-up could be indicated.
Dysplasia type. Attempts have been made to type BEassociated dysplasia by several researchers as intestinal-type (adenomatous-type) and gastric foveolar-type (non-adenomatous-type) [33, 54, 55] . Adenomatous-type dysplasia is composed of glands lined by tall columnar cells with pencillate, hyperchromatic, variably stratified nuclei and dense eosinophilic cytoplasm, resembling colorectal adenoma ( Figure 11A ). In contrast, foveolar-type dysplasia is characterized by cells with mucinous to eosinophilic to amphophilic cytoplasm and round to oval, non-stratified, basally located nuclei, many of which have prominent nucleoli ( Figure 11B ). The glands in foveolar-type dysplasia have a propensity to be smaller, more uniform, and closer to each other. While loss of nuclear polarity is an objective criterion used to separate lowfrom high-grade adenomatous dysplasia, this criterion cannot be used to separate low-from high-grade gastric dysplasia, as their nuclei are round and non-stratified, and do not have a longitudinal axis. Instead, the distinction between low-and highgrade foveolar dysplasia primarily relies on the nuclear size three to four times or more the size of a mature lymphocyte as a major criterion for HGD [33, 54] . In some cases, nuclear pleomorphism and glandular cribriforming and marked crowding may also help to diagnose foveolar-type HGD [33] . Inter-and intra-observer agreement in the assessment of foveolar and adenomatous dysplasia varies greatly [33] . In addition, up to 27% of BE-associated dysplasia is hybrid-type [56] . Thus, in current pathology practice, there is no need to type BE-associated dysplasia; however, the awareness of this variant is needed to accurately diagnose dysplasia and not confuse it with reactive changes.
Endoscopic/surgical management and surveillance of BE dysplasia
According to the latest ACG 2016 recommendations, endoscopic therapy is considered as the preferred treatment modality for BE-LGD (endoscopic surveillance being an acceptable alternative) and patients with confirmed BE-HGD should be managed with endoscopic therapy [2] . Patients with nodularity in the BE segment should undergo EMR of the nodular lesion(s) as the initial diagnostic and therapeutic maneuver, and further therapy should be based upon histological assessment of the EMR specimen. If the EMR specimen demonstrates HGD or IMC, endoscopic ablative therapy of the remaining BE should be performed. Overall, the guidelines call for the increased use of endoscopic therapy in the form of ablation and/or EMR/ESD.
Buried intestinal metaplasia and neoplasia after endoscopic ablation of BE and BE-associated dysplasia
Endoscopic ablation of BE-associated dysplasia has advanced significantly in the past two decades with the initial use of photodynamic therapy to the current use of radiofrequency ablation [57, 58] . Ablation usually results in the replacement of the columnar epithelium with the squamous epithelium (referred to as the neosquamous epithelium). The neosquamous epithelium has been shown to be devoid of the molecular alterations characteristic of BE [59] . However, one of the complications of ablation is that residual Barrett's epithelium and/or dysplasia may remain under the neosquamous epithelium and remain invisible to the endoscopist's eye-so-called "buried BE" or "buried neoplasia." In a recent review, the prevalence of buried BE was 14% after photodynamic therapy and 0.9% after radiofrequency ablation [60] . However, the post-ablation biopsies are often superficial and may miss deeper foci of buried BE, and hence this percentage may be an underestimation. In addition, there are reports of progression of buried BE and BE-associated dysplasia after endoscopic therapy to cancer in some instances [61, 62] . Buried dysplasia may be difficult to diagnose, as the features used by pathologists to diagnose dysplasia such as the assessment of surface maturation cannot be evaluated easily in buried glands covered by the post-ablated neosquamous epithelium. Thus, these post-ablation patients should be followed by continued surveillance and biopsies taken from the original length of BE in addition to the biopsy from the esophagogastric junction [2] .
Histologic evaluation of endoscopically resected BE-associated neoplasia Specimen preparation. The techniques of EMR and ESD are commonly used to treat superficial neoplasms in the esophagus. All lesions received in surgical pathology via endoscopy are pinned out flat on a cork or foam board in most institutes/hospitals. All EMR and ESD specimens have peripheral and deep resection margins and they should be handled as follows using the protocol as previously reported [63] :
i. If the specimen is oriented, a diagram or a picture can be helpful. ii. Measure the specimen and identify the lesion. iii. Measure the lesion and determine the nearest peripheral margin. iv. If the specimen is oriented, it is treated similarly to an oriented skin ellipse. v. Three different ink colors are typically sufficient; always use black on the deep margin; blue and orange (or yellow) are applied to opposing peripheral edges. vi. If no orientation is provided, a single ink color can be used for the peripheral margin. vii. Cut 2-to 3-mm sections perpendicular to the long axis and lay sections "on edge" in cassettes. viii. Determine the deepest extent of the lesion.
ix. Document the distances of the lesion to the nearest peripheral and deep margins in the gross description. x. Submit peripheral margins perpendicular or, if the lesion is >1 cm away, en-face is acceptable. xi. Entirely submit the specimens if the specimen is not large. xii. For larger dissections, use appropriate judgement-or consult the pathologist.
*Submit the nearest peripheral margins (perpendicular quadrants).
*Submit the entire lesion if it fits in 10 cassettes. *If the lesion is too large for 10 cassettes, use the general rule (one section per centimeter of the most suspicious areas) and include those sections with the closest deep margin and deepest invasion.
*If no definitive invasive component is identified on initial blocks, the entire lesion must be entirely submitted to microscopically evaluate for micro-invasion.
Histologic evaluation. Histologic evaluation and accurate diagnosis of BE-associated neoplasm in EMR and ESD specimens play an essential role in the subsequent management of the patients. Key features to look for are: depth of invasion (mucosa, submucosa, or beyond), grade of adenocarcinoma, lymphovascular invasion, as well as the status of resection margins. For SMC, the depth of submucosal invasion needs to be measured from the deepest layer of the muscularis mucosae into the submucosa and reported in lm. A cancer template should be used to report the tumor parameters (https://www.cap.org/protocolsand-guidelines/cancer-reporting-tools/cancer-protocoltemplates).
Intramucosal adenocarcinoma. Generally speaking, IMC is not used in colonic lesions or biopsy for the most part, as invasion of the lamina propria does not increase the risk for nodal metastasis. In contrast, IMC in BE has a nodal metastasis rate of 3.4% [64] . The key feature for diagnosing IMC is to recognize the invasion of the neoplastic cells through the basement membrane into the lamina propria but not beyond the muscularis mucosae. Microscopically, the tumor could be categorized as well differentiated (more than 95% gland formation), moderately differentiated (50%-95% gland formation), or poorly differentiated carcinoma (less than 50% gland formation). Just like HGD, endoscopic therapy is the preferred treatment for IMC. However, a careful search for a signet ring cell component, poor differentiation component, and lymphovascular invasion is important, as IMC with these features may be treated with esophagectomy due to the high risk of nodal metastasis [64] . The status of margins (both deep and lateral mucosal edges) should also be reported.
Submucosally invasive adenocarcinoma. The treatment of SMC of the esophagus used to be esophagectomy because of the high rate of nodal metastasis. However, this practice has undergone significant changes, as we know more about the biology of SMC. One recent review article revealed a "rule of doubling" for the frequency of lymph-node metastases in patients with SMC: tumor invasion into each progressively deeper one-third of the submucosal layer corresponds to a 2-fold increase in the risk of nodal metastases (9.9% in SMC invading the superficial one-third of the submucosa, 22.0% in SMC invading the mid one-third of the submucosa, and 40.7% in SMC invading the deep onethird of the submucosa) [65] . In a recent study, lymphovascular invasion, poor differentiation, and a depth of invasion >500 lm into the submucosa have been shown to be associated with lymph node metastasis. For low-risk SMC, which is defined as invasion <500 lm into the submucosa, has no lymphovascular invasion, and is well or moderately differentiated, there is no reported lymph node metastasis [66] .
The key feature for diagnosing SMC is to recognize invasion of the neoplastic cells through the muscularis mucosae. Optimal embedding and orientation, identification of submucosally located structures, and recognition of desmoplasia are essential. When a diagnosis of SMC is made, the depth of invasion should be reported, either in thirds (superficial, mid-, or deep thirds of the submucosa) or in micrometers of the distance from the deepest layer of the muscularis mucosae to the deepest tumor invasion into the submucosa (as measured by using an ocular micrometer). As with IMC, efforts should be taken to identify lymphovascular invasion and other components such as a signet ring cell and neuroendocrine carcinoma associated with an adverse outcome. In addition, the status of margins should be reported.
Diagnosis of SMC can be challenging in EMR/ESD specimens, as duplicated muscularis mucosae is very common in BE as a reparative/regenerative response and is present in about 92% of BE resections [67] . The deeper layer is the original muscularis mucosae and the superficial layer is the newly formed (neo) muscularis mucosae. In EMR or ESD specimens, the deeper layer of the muscularis mucosae is not always seen or well preserved, which is a potential pitfall for overstaging IMC as SMC. Identification of submucosally located structures such as esophageal mucus glands and large caliber vessels ( Figure 12 ) and recognition of desmoplasia might be helpful.
Ancillary tests for IBD-and BE-associated neoplasia
Histomorphological assessment of H&E-stained IBD colonic biopsies and BE-surveillance biopsies remains the standard practice. Judicious use of ancillary tests in rare difficult cases and under certain circumferences based on initial histomorphological assessment and suspicion is justifiable. But universal use of such tests should not be advocated.
Although numerous studies have been performed to identify such magic biomarkers, none of them has been validated in prospective studies and the quality of these studies varied significantly, as most of them used histologic diagnoses as the gold standard. The most useful biomarkers are p53 and DNA content [68] [69] [70] [71] [72] [73] . In one reasonably sized study, 57% IBD-associated dysplasia and colorectal cancer had increased p53 expression (defined as 8% nuclei with strong immunoreactivity) [73] . In a subsequent study by the same group, the authors demonstrate strong nuclear p53 expression in biopsy with indefinite for dysplasia is associated with neoplasia progression [38] . A judicious use of p53 is in cases with profound cytologic atypia worrisome for dysplasia but there is active inflammation or erosion. Strong and diffuse p53 immunoreactivity may help to diagnose or favor dysplasia in this scenario. Immunohistochemistry for p53 may also be helpful in confirming rare variants such as hypermucinous change and goblet-cell-depleted lesion as dysplasia. A basal pattern of p53 nuclear staining pattern is also reported in IBD-surveillance biopsies [71] . Cases with this staining pattern should be labeled as indefinite for dysplasia if the histomorphology is suspicious but not sufficient for a definitive diagnosis of dysplasia.
Studies on biomarkers for BE-associated neoplasia have been done similarly to those for IBD, but with more robust data, particularly on p53 [74] . Immunostain for p53 appears to increase diagnostic stratification in BE-surveillance biopsies and decrease the proportion of indefinite for dysplasia diagnoses [75] . Faint scattered p53 positivity within nuclei typically correlates with a wild-type gene status, whereas either strong nuclear positivity or complete absence (null pattern) of staining correlates best with TP53 mutations. Routine use of p53 in BE surveillance to diagnose BE dysplasia or predict BE neoplasia progression is not advocated at this point, as there are some issues with p53 immunostain such as the standardization of test and establishment of cutoffs to call the stain positive or not (stain intensity and scattered vs diffuse staining) [76] . One recent paper did report that one gland at least 50% nuclei-positive for strong p53 or more in the initial/index biopsy is associated with progression to HGD/adenocarcinoma [77] , but this requires further validation. According to recommendations from the Rodger Haggitt GI pathology society (GIPS), "a diagnosis of dysplasia remains a morphologic diagnosis, ancillary stains are not recommended for diagnosing dysplasia in BE at this time. Although p53 is a promising marker for identifying high-risk BE patients, existing data are insufficient to recommend p53 staining for routine use as a prognostic marker at present" [76] .
With the advances in molecular-testing and genesequencing technology, more promising biomarkers may emerge in the near future. However, currently, H&E stain remains the gold standard. In both IBD-and BE-surveillance biopsies, the wild-type p53 staining pattern does not exclude the diagnosis of dysplasia.
Conclusions
IBD and BE are chronic inflammatory diseases of the colon and the esophagus, respectively. Both are associated with increased risk of adenocarcinoma and the risk is increased with the length of diseased segment, histological severity of inflammation, and family history of cancer. A surveillance program with endoscopic examination and biopsy has been in place for decades to reduce the incidence and mortality of cancer in patients with IBD and BE. Interpretation of IBD-and BE-surveillance biopsies are similarly challenging, to say the least. However, clinicaloutcome-based studies are increasingly being published and support the role of histological stratification of biopsies into negative for dysplasia, LGD, and HGD based on a set of histomorphological features. In addition, subtle histological variants of dysplasia are increasingly being recognized in IBD as well as in BE. The current literature also supports a category of indefinite for dysplasia in both IBD-and BE-surveillance biopsies to convey an intermediate risk of neoplastic progression. Emerging evidence appears to support judicious use of immunostain for p53 in difficult cases, although histological examination of H&E stain still remains the gold standard.
Endoscopic treatment, such as ablation and EMR/ESD, for BE-associated dysplasia and early adenocarcinoma has matured and is currently used in many large medical centers. This type of specimen may pose diagnostic challenges to the pathologist and the pathologist should be aware of certain pitfalls, such as "buried BE/ buried neoplasia" and duplication of muscularis mucosae, and not overstage IMC as SMC in BE.
